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The Condrey Mountain Schist (CMS) of the Klamath Mountains (northern 
California and southern Oregon) represent low grade oceanic and terrigenous sediments 
thrust beneath higher grade ophiolitic rocks of the Rattlesnake Creek Terrane (RCT). 
This study presents new U-Pb detrital zircon dates from the CMS, and from the possibly 
correlative basin rocks of the Galice Formation and accretionary rocks of the South Fork 
Mountain Schist. The Galice Formation yields a maximum depositional age of ca. 152 
Ma with prominent date distributions of ca. 150–200 Ma (39% of analyzed grains), 200–
600 Ma (1%), 600 - 1000 Ma (2%), and 1000-3200 Ma (58%). The South Fork Mountain 
Schist yields a detrital zircon age spectrum with a maximum depositional age of ca. 135 
Ma, and prominent age distributions of ca. 120–200 Ma (28.5% of analyzed grains), 200–
600 Ma (24%), 600–1000 (8.5%), and 1000–2850 (39%). An interior unit of the CMS has 
a maximum depositional age of ca. 136 Ma and contains detrital zircon age distributions 
within 136 to 200 Ma (24% of analyzed grains), 200 to 600 Ma (27.5%), 600 to 1000 Ma 
(10%), 1000 to 2300 Ma (38.5%). Structural, petrographic, and detrital zircon 
geochronologic similarities between the CMS and SFMS suggest a common provenance. 
Kinematic indicators within the Condrey Mountain shear zone, a shallowly dipping 
ductile structure separating the CMS from the RCT, suggest that the CMS was 
transported eastward during prograde metamorphism and exhumed during top-to-the-east 
normal faulting. A tonalitic intrusion from the exterior unit of the CMS yields an inferred 
igneous emplacement age of ca. 172 Ma. These relations indicate that the exterior CMS 
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1.1. TECTONIC UNDERPLATING IN THE KLAMATH MOUNTAINS 
 High flux events in magmatic arcs, in which volumetric magma addition rates 
dramatically increase above baseline rates, require increased input of supracrustal 
material in the source compared to periods of magmatic quiescence (e.g., Ducea, 2001; 
DeCelles et al., 2009). This is because the input of these melt-fertile materials in the high-
temperature root zones of arcs promote melting. As such, investigating arc root zones and 
the input of supercrustal material is fundamental to understanding the processes that 
control the tempos of arc magmatism (e.g., Ducea, 2001; DeCelles et al., 2009). Four 
conceptual models have been explored regarding the input of supercrustal material into 
arc root zones (Figure 1.1.): 1) through the downward flow of upper crustal sections 
above magmatic roots (e.g., Ducea, 2001; DeCelles et al., 2009; Saleeby, 1990); 2) 
through retroarc thrusting of crustal material from the foreland (Ducea, 2001; Kay et al., 
2005); 3) subduction erosion and tectonic underplating from the trench side (Paterson and 
Farris, 2008; von Huene and Scholl, 1991) and/or detachment and buoyant ascent from 
the downgoing plate (Behn et al., 2011; Hacker et al., 2011; Chapman et al., 2013).  
The impact of supracrustal material on the magmatic activity and composition in 
arc root zones remains largely unexplored due to the lack of exposed arc roots. The 
continental margin of the western United States has been the focus of several studies 
related to supracrustal input due to the exposure of arc roots along continental arcs (i.e., 




accreted arcs separated by thrust faults, provides exposures of possible arc roots and may 
be another location in which this tectonic phenomenon can be observed. 
 
 
Figure 1.1.: Cross-Section Views of the Three Conceptual Models for Supracrustal Input. 
 
 
The Condrey Mountain Schist represents a package of offshore material accreted 
beneath the western continental margin of the North American plate in the Klamath 
Mountains (Saleeby and Harper, 1993). The timing of its emplacement and subsequent 
burial suggests a temporal relationship with Late Jurassic – Early Cretaceous plutonism 
and tectonism (e.g. the Nevadan and Siskiyou events) in the Klamath Mountain province. 
This study focuses on the impact of tectonic underplating and detachment of supracrustal 
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material (i.e., the Condrey Mountain Schist) from subducting oceanic lithosphere and its 
impact on arc root development in the Klamath Mountains. Tectonic underplating is the 
process of subduction related erosion and accretion, in which sediment is transferred 
from the lower, descending plate to the base of the upper plate at depth (e.g. von Huene 
and Scholl, 1991).  The negative buoyancy of dense oceanic lithosphere drives oceanic 
plates into the mantle, bringing sediment either deposited on the oceanic plate or 
accumulated in the accretionary wedge into depth with its descent. 
 The Condrey Mountain Window in the Northern Klamath Mountains provides an 
exposure of the Condrey Mountain Schist, a package of supracrustal material that resides 
at the deepest structural levels of the Klamath Mountains, providing an opportunity to 
constrain the timing and mechanism(s) by which the Condrey Mountain Schist was 
emplaced at depth. Through the construction of a geologic and structural map as well as 
the analysis of ductile shear indicators, this study constrained the structural relationships 
between the Condrey Mountain Schist and overlying assemblages. Additionally, this 
work provides U-Pb zircon geochronologic constraints on the timing of emplacement of 
the Condrey Mountain Schist. Furthermore, this study compared the Condrey Mountain 
Schist with possibly correlative outboard assemblages, the previously associated Galice 








2. GEOLOGIC FRAMEWORK 
 
2.1. THE KLAMATH MOUNTAINS 
 The Klamath Mountains of Northern California – Southern Oregon represents a 
series of Mesozoic to Paleozoic accreted tectonic slices of oceanic lithosphere, mélange, 
and volcanic arcs (Irwin and Wooden, 1999; Figure 2.1.). These units are separated by 
stacked east-dipping (west-vergent) thrust faults, and as a result the terranes in the 
Klamath Mountains generally decrease in age and increase in grade westward and 
downsection (Figure 2.1.a). This assemblage is regarded to have been accreted during the 
Middle Jurassic Siskiyou and Late Jurassic-Early Cretaceous Nevadan orogenic events 
(Hacker et al., 1995). The Nevadan orogenic event similarly caused the intrusion of 
widespread plutonic material. Units in the Klamath Mountain are intruded by Late 
Jurassic to Early Cretaceous plutons of ultramafic to felsic composition (Irwin and 
Wooden, 1999; Snoke and Barnes, 2006). 
2.1.1. The Condrey Mountain Schist.  The Condrey Mountain Schist (CMS) is 
exposed in the northern Klamath Mountains. It is a low-grade unit comprised of oceanic 
and terrigenous sediment thrust beneath higher grade ophiolitic and oceanic volcanic 
rocks of the Rattlesnake Creek Terrane (RCT).  The CMS, while typically residing at the 
base of the Klamath nappe stack, deep beneath the RCT, can be observed in the Condrey 
Mountain Window. This structural window was formed due to Neogene regional doming 
and erosion, uplifting the CMS and exposing the unit on the surface (Mortimer and 




which the 5-10 km-wide “Scott Bar Appendage” projects ~20 km southward (Hotz, 1979; 
Saleeby and Harper, 1993; Figure 2.1.b). 
 
 
Figure 2.1.: Generalized geologic maps of the Klamath Mountains. (a) the regional 
Klamath Mountains (after Irwin and Wooden, 1999) and (b) the Condrey Mountain 
Window and vicinity (after Hotz 1979; Saleeby and Harper, 1993). 
 
 
The following descriptions of the Condrey Mountain Schist and associated units 
found in the Condrey Mountain Window are based off firsthand observations except 
where denoted otherwise. Field photos from these units can be found in Appendix A. The 
Condrey Mountain Schist is composed of ocean floor sediments, siliciclastic and 
Figure 1: Generalized geologic maps of (a) the Klamath Mountains (after Irwin and Wooden, 
1999) and (b) the Condrey Mountain window and vicini y (after Hotz, 1979; Saleeby and 
H rper, 1993). Pluton ages in (b) from Snoke and Barnes (2006). CIF – C  Internal fault; 




volcaniclastic turbidites, and fragments of ophiolitic and oceanic arc material.  There are 
two major units within the Condrey Mountain Schist, an exterior (CMSe) unit and 
interior (CMSi) unit, separated by an internal thrust fault. The exterior metavolcanic unit 
is composed of greenschist to amphibolite grade mafic schist and subordinate quartz-
mica schist. The interior unit is composed of blueschist to greenschist grade 
quartzofeldspathic schist and metachert with lesser amounts of mafic schist and 
metaperidotite (e.g., Saleeby and Harper, 1993).  
The CMSe increases in grade progressively closer to the margin shared with the 
Rattlesnake Creek Terrane. The marginal CMSe is an amphibolite schist, and contains 
deformational structures at both a large and small scale, such as recumbent folds and 
crenulations. 
2.1.2. Rattlesnake Creek Terrane. The Rattlesnake Creek Terrane is a belt of 
ocean sediments which were altered by Late Jurassic metamorphism (Burton, 1982; Hotz 
1979). This terrane, composed of a sequence of amphibolite, mica schist, and quartzite 
with subordinate marble and other calcareous rocks, lies structurally above the Condrey 
Mountain Schist.  Many of the quartzite and marble layers are exposed in lenses with 
roughly circular exposures 250 to 500 m2 in area, and bodies of Jurassic aged plutons and 
ultramafic basement rock crop out in this terrane.  
The RCT is intruded by many bodies of mafic to intermediate composition, 
namely gabbroic and dioritic plutons. The most notable of these is the Jurassic Slinkard 
Pluton. The Slinkard pluton is a massive to foliated dioritic mass; due to its relative 
erosional resistance can be observed as “spires” along mountain ridges. Many mafic to 
ultramafic bodies such as pyroxenite, serpentinite, and peridotite can be found interleaved 
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with amphibolite and mica schists of the Rattlesnake Creek Terrane as incorporated 
mélange blocks. The Tom Martin ultramafic body is a large exposure of peridotite, and is 
interpreted as ophiolitic basement rock. This ultramafic body as well as the surrounding 
metasedimentary rocks of the Rattlesnake Creek Terrane is intruded by the Slinkard 
Pluton in the south to produce nodular pyroxenite (e.g., Burton, 1982).  
2.1.3. Condrey Mountains Shear Zone.  Much of the amphibolite found in this 
terrane is strongly foliated to mylonitic in texture, particularly in the lowest sections of 
the RCT, and is primarily composed of hornblende and plagioclase. A ductile shear 
structure called the Condrey Mountain shear zone is located at the base of the Rattlesnake 
Creek Terrane, in a unit of banded garnet-bearing amphibolite known as the Gold Flat 
Amphibolite (GFA). This migmatitic unit contains plagioclase and quartz leucosomes 
ranging from 2 – 5 cm in thickness, separated by layers of amphibolite 10 – 20 cm in 
thickness. Progressively closer to the Rattlesnake Creek – Condrey Mountain Schist 
contact, foliation intensity increases and the leucosomes decrease in thickness and 
separation. As well, the Gold Flat Amphibolite contains many quartz and plagioclase 
porphyroclasts. These features are visibly affected by ductile shear, producing kinematic 
indicators such as sheared/rolled grains in the amphibolite matrix, strain shadows, and 
quartz veins brought into foliation. Primary mineral lineation in stretched hornblende 
grains is consistently northwest – southeast, and foliation is shallowly dipping to the 
southwest. Exact structural measurements are reported in the results section of this paper 
and can be found in the attached tables within. These structures serve as shear sense 
indicators, helping determine the direction of relative movement between the Condrey 
Mountain Schist and Rattlesnake Creek Terrane. 
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2.2. REGIONAL ASSEMBLAGES 
 Units in Coast Ranges can provide analogues to the metamorphosed rocks found 
in the Klamath Mountains. The Condrey Mountain schist has two previously identified 
candidates for correlation. Lying west of the South Fork fault is the South Fork Mountain 
schist, a member of the Western Klamath Terrane.  The South Fork Mountain schist is 
positioned favorably to have been underplated beneath the Klamath nappe stack (Saleeby 
and Harper, 1993). As well, turbidite deposits of the Galice Formation represent possible 
autochthonous equivalents to the Condrey Mountain Schist. The Condrey Mountain 
Schist has been correlated previously with the Galice Formation, based on the similarity 
of lithology and structure of the units (Jachens et al., 1986; Saleeby and Harper, 1993). 
2.2.1. The South Fork Mountain Schist.  The South Fork Mountain Schist is a 
terrane primarily composed of quartz – albite – mica – chlorite schist, with minor 
interbedded thrust sheets of metabasalt. The unit is located at the eastern margin and 
structural top of the Franciscan accretionary wedge, bordered by the South Fork fault 
(Saleeby and Harper, 1993).   
2.2.2. Previous Work Dating Detrital Zircons in the SFMS. In a 2010 paper by 
Dumitru et al., detrital zircon grains from South Fork Mountain schist were analyzed 
using U – Pb geochronologic dating techniques in order to constrain the nature of the 
protolith of the unit and the timing of its accretion and burial. Detrital zircon U-Pb results 
from the schist indicate a maximum depositional age of ca. 131 Ma, with zircon ages 
grouped around 131 to 200 Ma (54% of concordant grains), 200 to 600 Ma (16% of 
concordant grains), 600 to 1000 Ma (11% of concordant grains), and 1000 to 2500 (19% 
of concordant grains) (Table 2.1).  
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Table 2.1: Concordant Detrital Zircon Ages of the SFMS from Dumitru et al., 2010 
Concordant Grains (%) Age Range (Ma) 
54% 131 – 200 
16% 200 – 600 
11% 600 – 1000 




2.2.3. The Galice Formation.  The Upper Jurassic Galice Formation is exposed 
in the Western Klamath Terrane, trending NE-SW in two outcrop belts, 100 km and 500 
km in length, separated by regional east-facing thrust faults. The Galice Formation is 
composed primarily of turbidite sequences with subsidiary hemipelagic assemblages (e.g. 
Harper 1980, 1994). The Galice Formation can be divided into three major units: the 
lowest being the hemipelagic sequence predominantly composed of green to black slaty 
radiolarian argillite and lesser chert; the upper unit is the turbidite sequence with 
interbedded sandstone, siltstone and radiolarian argillite; finally stratigraphically between 
the two units is a middle unit of hemipelagic to turbiditic rocks (MacDonald et al., 2006). 
Other workers interpret the hemipelagic sequence as the upper member of the underlying 
Josephine Ophiolite (e.g., Pessagno 1993, 2000).  
The turbidite sequence within the Galice Formation has previously been 
interpreted as both inter-arc and backarc basin deposits (Wells et al., 1949; Irwin, 1960; 
Coleman, 1972; Harper, 1984; Harper et al., 1988). As well, U-Pb analyses of zircon 
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grains from the scarce sandstone deposits found in the hemipelagic sequence interbedded 
with Josephine pillow basalts, and from argillaceous rocks in the turbidite sequence of the 
Galice Formation indicate a terrigenous provenance for the unit (MacDonald et al., 2006; 
Frost et al., 2006; Miller and Saleeby, 1995). This possibly could be the same source of 























3.1. COLLECTION OF FIELD DATA 
 Three main sources of field data were utilized in this study. Structural and 
lithologic data were collected from the Scott Bar Quadrangle, and compiled in a geologic 
map (Plate 1). Samples were collected from the Condrey Mountain Schist, the Galice 
Formation and the South Fork Mountain schist for comparative detrital zircon 
geochronology. Finally, ductile shear indicators were observed in the Condrey mountain 
shear zone.  
Data and samples for this study were collected during the 2014 and 2015 summer 
field seasons. Detailed mapping of the Scott Bar Quadrangle, in which the Condrey 
Mountain appendage is located, and observations of ductile shear kinematic indicators 
along the Condrey Mountain shear zone were recorded in the summer 2015 season. 
Additionally, samples were collected during the summer 2014 field season in order to 
perform geochronologic analysis on zircon grains.  
3.1.1. Geologic Map of the Scott Bar Quadrangle.  In order to analyze the 
structure of the Condrey Mountain Schist at a regional scale, a geologic and structural 
map of the Scott Bar quadrangle was produced (Plate 1). Mapping of the Condrey 
Mountain shear zone was completed at 1:10,000 scale, while the remainder of the Scott 
Bar quadrangle was mapped at 1:24,000 scale. Mapping was focused on constraining the 
structural relationship between the Condrey Mountain Schist and Rattlesnake Creek 
Terrane, with a secondary focus on surveying the structure and lithology of the 
quadrangle for future studies in the area.  
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Previous mapping in the Scott Bar Quadrangle has been limited in scale. 
However, several maps exist and were incorporated in a geologic map of the quadrangle. 
Barrows (1969) produced a structural map of the northeastern corner of the Scott Bar 
quadrangle at 1:24,000 scale. Cornwall (1981) produced a map surveying the ore deposits 
in the Tom Martin Ultramafic body in the northeastern portion of the quadrangle. Finally, 
Burton (1982) produced a thesis in which he recorded the lithology of the southern 
portion of the Scott Bar quadrangle, specifically focusing on the Slinkard Pluton and 
Rattlesnake Creek Terrane in the Scott Bar Mountains. Mapping of the Scott Bar 
quadrangle was completed between June and August of 2015. 
3.1.2 Ductile Shear Indicators.  Kinematic indicators were recorded within the 
mylonitic fabric of the exposed Gold Flat Amphibolite in the Condrey Mountain shear 
zone. Specifically, this study focused on the analysis of sheared leucosomes and 
porphyroclasts oriented with stretched mineral lineation. Sheared porphyroclasts, which 
indicate relative motions of upper and lower plates, provide the most information about 
the tectonic history of the Condrey Mountain Schist. The depth of the kinematic 
indicators within the Gold Flat Amphibolite, as well as the directionality (i.e top-to-the-
west; top-to-the-east) constrains the nature of ductile shear in the Condrey mountain 
shear zone. Additional relics of ductile shear, such as S-C fabrics, strain shadows, and 
quartz veins brought into foliation were recorded as well.  
3.1.3. Zircon U-Pb Analysis. Zircon grains were extracted from 4 samples, from 
quartzofeldspathic schist from the interior unit of the Condrey Mountain Schist, a sample 




turbidite sample from the Galice Formation and a quartz-albite schist South Fork 
Mountains Schist. 
Zircon separation was accomplished through the standard method of crushing, 
sieving, magnetic separation, heavy liquid processing, and handpicking. The samples 
were then mounted in epoxy at the Arizona Laserchron Center (ALC). In total, one 
sample was analyzed from the CMS interior, CMS exterior, Galice Formation and South 
Fork Mountain Schist respectively. These samples were analyzed at the ALC through 
laser-ablation-multicollector-inductively coupled plasma-mass spectrometry (LA-ICP-
MS) following the methods outlined in Gehrels et al. (2006).  
Normalized and cumulative probability plots comparing analyzed samples were 
constructed with ALC Microsoft Excel programs using 207Pb/206Pb ages for grains older 
than 800 Ma and 206Pb/238U ages for grains younger than 800 Ma. Analyses with greater 
than 10 percent uncertainty, 30 percent discordance, and/or 5 percent reverse discordance 
were excluded. Maximum depositional ages were calculated for each sample from 
weighted averages of the three youngest detrital grains that overlap within analytical 










4.  RESULTS 
 
4.1. GEOLOGIC MAPPING RESULTS 
 Geologic mapping of the Scott Bar quadrangle focused on the contact between 
the Condrey Mountain Schist and the Gold Flat Amphibolite. Additionally, geologic 
mapping confirmed many geologic features recorded by previous workers and led to the 
discovery of several previously unobserved ultramafic bodies, and revised the locations 
of previously recorded contacts.  
 The foliation of both Condrey Mountain Schist and Gold Flat Amphibolite units 
strikes consistently to the northeast (Figure 4.1). The Condrey Mountain Schist has an 
average plane of 059, 31˚, while the Gold Flat Amphibolite has an average plane of 058, 
30˚. Mineral lineation from stretched amphibole grains in the Gold Flat Amphibolite 
trends predominantly southwest, roughly in the same direction of foliation in this unit. 
The mean trend and plunge for mineral lineation is 170, 21˚. Bedded metasediments in 
the Rattlesnake Creek Terrane dip shallowly eastward, with minor variances (Figure 4.2). 
The average plane of the unit is 330, 33˚.The Condrey Mountain Schist is bounded by 
faults, separated from the Rattlesnake Creek Terrane by the shallowly dipping Condrey 
Mountain shear zone and illustrated in a cross-section in Figure 4.3. The Paleozoic 
Hayfork Terrane is separated by a nearly vertical normal fault. The geologic map of the 
Scott Bar Quadrangle can be found in Plate 1 and structural data from the units can be 






Figure 4.1: Stereonets Showing the Foliation (S1) and Mineral Lineation (Lmin). (A) for 















Figure 4.3: Cross Section Showing Structural Relations in the Condrey Mountain 
Window (Cross line A-A’ on Plate 1) 
 
 
4.2. ANALYSIS OF DUCTILE SHEAR INDICATORS 
Detailed mapping of the Condrey Mountain shear zone has yielded kinematic 
information from porphyroclasts and S-C’ fabrics viewed on planes oriented parallel to 
mineral lineation and perpendicular to foliation (Figure 4.4). A predominant top-to-the-
west shear sense can be found within the prograde (i.e. amphibolite facies) fabrics of the 
amphibolite in around 250 of the roughly 400 investigated asymmetric porphyroclasts. I 
interpret these structural features to record burial of the Condrey Mountain Schist beneath 
the Rattlesnake Creek terrane. Many of the remaining 150 investigated asymmetric 
features are texturally associated with retrograde chlorite, overprint prograde fabrics, and 
display predominantly top-to-the-east kinematics.  
 S-C fabrics were observed at the structural low of the Gold Flat Amphibolite. The 
orientation of both fabrics were northeast - southwest, reinforcing the dominant sense of 





Figure 4.4: Field Photos from the Condrey Mountain Shear Zone Illustrating Ductile 
Shear Indicators. (A) images of shear porphyroclasts and (B) of the S-C Fabric  
 
 
4.3. U-PB ZIRCON GEOCHRONOLOGY 
Analysis of zircon grains from the Condrey Mountain Schist exterior unit yielded 
106 concordant analyses. The Condrey Mountain interior unit yielded 83 concordant 






South Fork Mountain Schist yielded 105 concordant zircon analyses. A summary of the 
calculated ages from these grains can be found in Appendix C. 
 The Condrey Mountain interior contains detrital zircon grains, the analysis of 
which yields a maximum depositional age of ca. 130 Ma. U-Pb ratios of these grains 
indicate ages that can be separated into four major groups: 24% of the analyzed grains 
fall within 136 to 200 Ma, 27.5% of the analyzed grains fall within 200 to 600 Ma, 10% 




Figure 4.5: Relative Probability Plot of Detrital Zircon Grains in the CMSi 
 
 
 The detrital zircon grains from the Galice Formation yield a maximum 
depositional age of ca. 152 Ma. The ages of these grains can be separated into four major 




















 The South Fork Mountain Schist sample yields a maximum depositional age of 
135 Ma. The ages of dated grains can be separated into four major groupings: 28.5% fall 
within 136 to 200 Ma, 24% fall within 200 to 600 Ma, 8.5% fall within 600 to 1000 Ma, 
39% fall within 1000 to 2600 Ma (Figure 4.7). A table of major zircon age groupings 
comparing the Condrey Mountain interior, Galice Formation, and South Fork Mountain 


































































39% 150 – 200 28.5% 120 – 200 24% 136 - 200 
1% 200 – 600 24% 200 – 600 27.5% 200 – 600 
2% 600 - 1000 8.5% 600 – 1000 10% 600 - 1000 
58% 1000 – 3200 39% 1000 – 2850 38.5% 1000 - 2300 
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4.4. ANALYSIS OF IGNEOUS ZIRCONS 
U-Pb ages calculated from the intrusive tonalite unit in the Condrey Mountain 
exterior exhibit an average age of 169.48±1.32 Ma with a unimodal distribution. This 
result suggests a Middle Jurassic age of crystallization (Figure 4.8). 
 
 














5.  DISCUSSION 
 
5.1. EMPLACEMENT OF THE CONDREY MOUNTAIN SCHIST 
 There is much speculation about the geologic history of the Condrey Mountain 
Schist prior to the well-documented Neogene doming event which exposed the unit in the 
Condrey Mountain Window (Irwin, 1960; Hotz, 1979; Helper, 1985; Mortimer and 
Coleman, 1985; Saleeby and Harper, 1993; Snoke and Barnes, 2006). Field mapping of 
the Condrey Mountain shear zone and U-Pb zircon geochronology place valuable 
constraints on the timing of emplacement, emplacement mechanism(s), and association of 
the Condrey Mountain Schist with other outboard assemblages. 
5.1.1. Emplacement and Exhumation of the Condrey Mountain Schist. The 
ductile shear kinematics observed in the Condrey Mountain shear zone have implications 
on how the Condrey Mountain Schist was emplaced and exhumed. Tentatively, this study 
interprets retrograde fabrics as resulting from extension that drove structural ascent of the 
Condrey Mountain Schist, while prograde fabrics are associated with the burial of the 
Condrey Mountain Schist. Under these assumptions, the two observed directions of shear 
imprinted in the Condrey Mountain shear zone represent separate events in the tectonic 
history of the Condrey Mountain schist. It is then likely that top-to-the-west fabrics 
developed during east-directed underplating of the Condrey Mountain Schist beneath the 
Rattlesnake Creek terrane, and that top-to-the-east fabrics developed during an episode of 
normal faulting. 
Additional work can be done in the future with regards to the kinematic indicators 
found in the Condrey Mountain shear zone. Namely, an in-depth thin section analysis of 
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metamorphic fabrics around shear indicators could provide further insight to the 
metamorphic history of the Condrey Mountain Schist. As well, thermobarometric data 
extracted from the garnets in this unit would provide information on the temperature and 
depth of emplacement of the Condrey Mountain Schist. 
The zircon U-Pb geochronology performed on the interior and exterior units of 
the Condrey Mountain Schist have important implications on the timing of deposition of 
the unit. The maximum depositional age for the Condrey Mountain interior is 136 Ma, 
and contains a spectrum of grain ages, typical of a sedimentary protolith. The uniform 
ages of the analyzed zircon grains from the intrusive tonalite in the exterior unit show an 
eruption age of ca. 170 Ma. The Condrey Mountain exterior unit must have been 
deposited prior to this intrusion indicating a depositional age of over ca. 170 Ma, at least 
36 Ma prior to the deposition to the interior unit. 
5.1.2. Possible Correlatives to the Condrey Mountain Schist. Comparing the 
ages of zircon grains from the Condrey Mountain Schist to outboard assemblages of 
broadly similar age and composition provides the opportunity to correlate these 
assemblages. The two assemblages previously identified as being the most probable 
correlatives to the Condrey Mountain Schist are the Galice Formation and South Fork 
Mountain Schist. 
Zircon U-Pb geochronology shows overlapping grain ages between the South 
Fork Mountain Schist and Condrey Mountain interior, and less overlap between ages of 
the Galice Formation and the Condrey Mountain interior. The geochronologic data 
collected for the South Fork Mountain Schist is reinforced by the zircon ages reported by 
Dumitru, et al. (2010). 
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The maximum depositional age shown by the analyzed zircons are within 4 Ma 
for the South Fork Mountain Schist (maximum depositional age of ca. 135 Ma +/- 4 Ma) 
and Condrey Mountain Schist (maximum depositional age of ca. 136 Ma +/- 3.6 Ma). 
The similarities also extend to the concentration of zircon ages for both units. Both the 
South Fork Mountain Schist and the Condrey Mountain Schist have concentrations of 
zircon ages at approximately ca. 140 Ma, 240 Ma, 360 Ma, 430 Ma, 510 Ma and 600 Ma 
(Figure 5.1). The relative abundances of these grain populations can be associated with 
regional assemblages providing detritus that contributed to both the South Fork Mountain 
Schist and Condrey Mountain Schist.  A series of intermediate plutons in the central 
Klamath Mountains yielding U-Pb ages of ca. 140 Ma (e.g., Snoke and Barnes, 2006) are 
the most probable source for the youngest cluster of grains found in both units. The Pine 
Nut Assemblage in the southeastern Klamath Mountains is a likely source for Triassic 
detritus in the area (Macdonald et al., 2006). The grain population clustered around ca. 
350 Ma have an unclear origin, the source of these grains may be exotic to North 
America, or have a source as far as the Appalachian Mountains. The ca. 430 grains are 
likely sourced from the mafic plutons found in the Eastern Klamath Terrane (Snoke and 
Barnes, 2006). Finally, the ca. 500 – 600 Ma grains may have a source in the Sierra City 
Mélange of the Northern Sierra Nevada Mountains, or possibly an exotic origin as well 
(Grove et al., 2008). 
These units contrast with the Galice Formation, which has a maximum 
depositional age of ca. 152 Ma. However, the Galice Formation does have a similar Late 




concentrations are different from those found in the South Fork Mountain Schist and 
Condrey Mountain Interior. 
 
 




The zircon U-Pb “fingerprinting” suggests that the Condrey Mountain Interior 
unit and the South Fork Mountain Schist are correlative. The Galice Formation may be 
correlative to the exterior Condrey Mountain Schist, which has an earlier inferred 
depositonal age, but a lack of detrital zircons in the unit prevents a definitive correlation 
from this study. 
5.1.3. Emplacement of the Condrey Mountain Schist and Possible Impacts on 
Arc Root Productivity. Based on the analysis of ductile shear indicators, he Condrey 
Mountain Schist was underplated beneath the Rattlesnake Creek Terrane through east 





Condrey Mountain Schist exterior unit and the Gold Flat Amphibolite show an increase 
in grade close to the margin between the upper and lower plate. The structure of the 
Condrey Mountain exterior unit and the Gold Flat Amphibolite become much more 
deformed at the margin, yielding recumbent folds, crenulations, and increased 
migmatization. This suggests that the underplating of the Condrey Mountain Schist 
produced localized melt along the margin between the Rattlesnake Creek Terrane and 
Condrey Mountain Schist. 
The question remains of whether underplating of the Condrey Mountain Schist 
affected arc productivity at a regional scale. Zircon ages from the Condrey Mountain 
Schist set a timing of emplacement from at least ca. 170 Ma to 135 Ma. This confirms the 
temporal correlation of the underplating of the Condrey Mountain Schist to Nevadan 
orogenic events within the Klamath Mountains. However, further research on the effect 
this emplacement had on regional-scale magmatic events is necessary. This study, which 
resulted in a detailed geologic map of a key area in the study of arc roots in the Klamath 
Mountains constrained the origin and timing of emplacement of the Condrey Mountain 












 The Condrey Mountain Schist was emplaced as two separate units, an interior 
metasedimentary unit emplaced ca. 135 Ma and an exterior metavolcanic unit emplaced 
before ca 172 Ma, based on the timing of emplacement of a tonalitic unit the intrudes the 
unit. This indicates that the exterior unit erupted at least 37 Ma years prior to the 
deposition of the interior unit. 
Based on an analysis of ductile shear indicators, it is likely the Condrey Mountain 
Schist went through two episodes of ductile shear. This is interpreted as episodes of 
burial and uplift for the Condrey Mountain Schist, and indicate the unit was emplaced 
beneath the Rattlesnake Creek Terrane through east-directed underplating and exhumed 
through top-to-the-east normal faulting. Further structural relationships can be found in a 
constructed geologic map. 
 Detrital geochronologic data collected from the regional assemblages indicate that 
the South Fork Mountain Schist has a similar detrital fingerprint to the Condrey 
Mountain Schist, with several matching clusters of zircon ages. The Galice Formation, 

























Quartzofeldspathic Schist from the Condrey Mountain Interior Unit 
 




Amphibolite in Gold Flat Amphibolite 
 





Exposure of Condrey Mountain Shear Zone in the Scott Bar River 
 



























































	    Strike	 Dip	 Trend	 Plunge	
	    47	 8	 179	 23	
62	 12	 179	 23	
45	 16	 164	 7	
13	 17	 157	 17	
119	 35	 176	 28	
55	 75	 191	 18	
68	 73	 139	 27	
50	 32	
	  68	 26	
	  55	 23	





































Pb207/Pb206 Zircon Ages from the South Fork Mountain Schist (Dumitru et al., 2010). 
Ma ±  ∂ Ma ± ∂ 
139.6 2.4 193.3 2.0 
141.1 3.4 199.8 2.8 
141.1 2.7 207.0 2.7 
145.1 1.3 207.2 3.2 
145.2 2.0 208.2 4.0 
148.1 2.3 216.5 2.8 
149.7 1.7 228.1 1.3 
151.8 2.9 252.5 3.4 
152.0 1.6 259.4 3.6 
153.2 2.0 318.9 4.1 
158.2 1.1 364.3 3.1 
159.8 2.4 413.7 2.5 
159.9 1.8 444.8 4.3 
160.3 1.7 598.6 6.4 
160.3 2.4 613.5 6.2 
161.4 2.6 622.8 8.4 
161.6 2.0 649.7 6.3 
162.1 2.3 698.8 2.5 
162.2 2.5 857.6 2.0 
163.4 2.4 981.8 11.8 
165.4 1.7 978.0 39.0 
165.5 1.8 968.0 46.0 
166.4 2.1 954.0 40.0 
166.9 3.0 1126.0 25.0 
168.2 2.1 1048.0 41.0 
168.8 1.0 1031.0 51.0 
169.3 1.7 1032.0 22.0 
170.2 3.5 1044.0 33.0 
170.2 1.3 1169.0 21.0 
170.9 2.0 1377.0 23.0 
171.1 2.1 1424.0 10.0 
171.2 2.4 1551.0 8.0 
171.9 1.0 1430.0 24.0 
172.3 1.2 1454.0 12.0 
  
38 
Ma ±  ∂ Ma ± ∂ 
173.5 0.9 1637.0 13.0 
173.9 2.7 1587.0 17.0 
174.3 2.5 1754.0 12.0 
178.0 2.6 1734.0 17.0 
183.7 2.9 1874.0 17.0 
189.3 1.7 2512.0 10.0 
189.3 1.9 
  192.2 1.8 
   
 
Pb207/Pb206 Zircon Ages from the Condrey Mountain Schist interior unit 
Ma	 ±  ∂	 Ma	 ± ∂	
131.7	 3.9	 565.3	 11.4	
136.6	 5.1	 577.2	 15.2	
141.9	 3.5	 592.3	 19.5	
143.6	 4.4	 597.9	 15.1	
144.3	 4.7	 598.2	 18.0	
147.6	 5.2	 601.6	 20.0	
150.1	 4.3	 603.9	 18.8	
151.6	 4.8	 620.0	 17.5	
157.2	 4.3	 630.7	 13.6	
157.2	 4.6	 636.5	 32.7	
158.6	 4.2	 638.0	 14.8	
159.6	 5.6	 673.5	 17.3	
160.9	 6.1	 930.7	 34.3	
161.0	 4.8	 948.6	 47.3	
163.4	 4.9	 1000.6	 43.8	
164.6	 4.3	 1023.5	 30.2	
168.6	 4.2	 1028.1	 40.7	
169.4	 8.9	 1041.5	 36.4	
171.0	 6.0	 1053.0	 47.6	
182.2	 3.8	 1064.8	 34.9	
193.1	 4.4	 1091.8	 37.2	
204.6	 3.6	 1120.7	 29.3	
  
39 
Ma	 ±  ∂	 Ma	 ± ∂	
225.0	 7.0	 1158.0	 40.1	
227.3	 6.2	 1164.7	 61.3	
233.1	 10.3	 1174.9	 28.3	
234.3	 11.0	 1211.5	 35.3	
250.8	 7.3	 1245.0	 34.1	
255.5	 5.7	 1255.9	 47.2	
340.9	 10.7	 1258.0	 35.1	
342.7	 9.7	 1267.9	 32.0	
343.2	 10.4	 1340.1	 45.8	
390.0	 10.1	 1423.8	 38.5	
410.4	 19.5	 1446.8	 99.2	
423.1	 10.9	 1447.0	 37.1	
435.9	 8.0	 1450.7	 52.9	
483.2	 14.6	 1459.7	 31.2	
501.0	 14.9	 1538.8	 44.4	
506.0	 18.6	 1559.6	 30.6	
510.3	 16.4	 1749.2	 31.2	
511.8	 26.0	 1847.2	 33.4	












Pb207/Pb206 Zircon Ages from the CMSe 
Ma	 ±  ∂	 Ma	 ± ∂	
155.9	 4.7	 169.6	 4.8	
159.0	 12.5	 169.7	 5.2	
160.5	 4.6	 169.8	 6.5	
161.6	 5.6	 169.8	 5.1	
161.6	 5.9	 170.1	 8.1	
161.7	 5.6	 170.5	 6.6	
162.6	 5.8	 170.7	 4.1	
162.8	 6.4	 170.7	 9.5	
163.4	 7.1	 170.8	 5.9	
163.6	 6.6	 170.8	 4.2	
163.9	 5.9	 171.2	 6.0	
164.0	 4.7	 171.5	 3.5	
164.2	 4.9	 171.5	 6.8	
164.3	 4.6	 171.6	 5.7	
164.4	 5.8	 171.6	 4.5	
164.8	 5.5	 171.8	 4.6	
164.9	 4.5	 172.2	 5.2	
165.6	 4.9	 172.4	 5.1	
165.7	 6.9	 172.4	 3.9	
165.8	 6.3	 172.5	 5.9	
165.8	 3.9	 172.6	 3.0	
166.0	 3.9	 173.1	 7.5	
166.0	 5.6	 173.5	 5.4	
166.1	 4.3	 173.6	 2.8	
166.1	 4.3	 173.6	 2.8	
166.2	 6.8	 173.9	 4.1	
166.5	 4.3	 175.1	 6.1	
166.7	 4.5	 175.2	 3.5	
166.9	 3.9	 175.7	 6.2	
167.0	 3.6	 176.2	 3.8	
167.0	 5.5	 176.3	 6.0	
167.5	 7.5	 176.8	 3.4	
167.6	 5.1	 177.0	 6.1	
167.7	 4.4	 177.3	 4.6	
167.8	 4.1	 177.4	 3.6	
  
41 
Ma	 ±  ∂	 Ma	 ± ∂	
167.9	 4.2	 177.7	 4.2	
168.0	 3.9	 178.5	 5.6	
168.1	 6.6	 178.6	 4.6	
168.1	 4.3	 179.5	 6.6	
168.2	 3.8	 179.5	 8.7	
168.3	 4.8	 180.7	 7.6	
168.3	 4.4	 181.4	 4.7	
168.4	 5.4	 181.8	 7.2	
168.5	 4.8	 181.9	 5.9	
168.6	 4.8	 182.5	 6.0	
168.6	 4.0	 183.0	 6.7	
168.6	 6.5	 183.3	 4.8	
168.7	 5.3	 183.3	 5.4	
168.7	 6.4	 186.9	 5.7	
168.8	 6.5	 187.8	 6.8	
168.9	 6.0	 188.0	 5.3	
169.3	 6.5	 193.4	 5.1	
169.5	 4.2	 200.8	 6.3	
	  
262.7	 6.2	








121.2	 4.3	 573.4	 12.9	
135.3	 3.0	 575.5	 17.7	
135.4	 4.6	 599.4	 24.2	
140.6	 10.2	 602.7	 18.4	
141.4	 4.9	 603.9	 15.7	
142.6	 4.1	 606.8	 17.1	
143.2	 5.5	 636.1	 20.5	
150.5	 7.1	 649.5	 14.4	
153.3	 3.5	 717.7	 16.8	
156.1	 3.9	 931.8	 37.7	
157.2	 4.6	 957.6	 48.5	
158.3	 6.4	 969.4	 39.0	
158.8	 4.0	 989.1	 43.9	
158.9	 13.4	 1002.2	 40.3	
158.9	 4.9	 1016.5	 47.2	
160.3	 4.4	 1026.3	 36.9	
160.8	 4.4	 1030.2	 24.1	
162.4	 7.6	 1036.1	 33.0	
162.5	 9.4	 1045.2	 31.0	
163.0	 4.0	 1077.6	 39.2	
163.2	 4.1	 1080.2	 39.3	
163.9	 5.1	 1084.7	 28.2	
164.2	 4.2	 1088.3	 43.0	
166.1	 3.9	 1112.0	 45.7	
166.8	 4.5	 1117.1	 35.4	
167.8	 4.6	 1132.9	 38.5	
168.3	 4.6	 1145.0	 47.1	
171.4	 3.4	 1157.8	 30.7	
174.1	 5.2	 1167.6	 36.7	
191.0	 8.3	 1186.3	 26.4	
194.2	 4.0	 1190.4	 39.4	
236.5	 7.5	 1225.3	 34.5	
239.6	 7.7	 1310.4	 30.0	
243.7	 6.5	 1390.4	 21.8	
245.3	 6.0	 1404.7	 37.9	
  
43 
Ma	 ±  ∂	 Ma	 ± ∂	
247.1	 10.1	 1406.2	 43.8	
253.7	 5.1	 1416.5	 40.7	
253.8	 5.3	 1424.8	 26.4	
319.6	 12.6	 1480.7	 24.4	
323.2	 6.6	 1486.3	 29.9	
325.0	 8.2	 1510.7	 29.2	
325.8	 19.3	 1536.2	 40.1	
349.0	 13.5	 1780.1	 32.6	
354.3	 9.9	 1783.7	 33.3	
383.5	 7.8	 1838.1	 25.2	
412.1	 10.9	 1918.6	 31.1	
416.8	 15.7	 2073.7	 37.1	
419.1	 22.3	 2089.6	 26.8	
437.2	 9.8	 2172.4	 29.0	
443.8	 14.7	 2679.2	 27.6	
485.7	 14.1	 2795.5	 33.0	
492.8	 10.8	 2846.9	 23.2	
572.4	 15.6	
	  573.1	 20.9	








151.8	 4.9	 1321.5	 34.3	
152.6	 4.1	 1348.1	 106.1	
153.1	 4.0	 1388.4	 49.0	
154.0	 5.5	 1420.1	 31.7	
154.7	 3.6	 1426.5	 33.4	
155.1	 7.1	 1431.4	 27.3	
155.3	 4.5	 1438.9	 35.1	
155.9	 4.9	 1456.6	 39.8	
155.9	 4.5	 1489.2	 35.4	
156.0	 6.3	 1667.6	 23.8	
156.5	 5.2	 1671.9	 37.3	
156.7	 7.2	 1692.7	 17.4	
156.7	 5.7	 1726.0	 24.4	
156.9	 5.5	 1727.5	 32.4	
157.6	 4.2	 1747.8	 34.9	
158.5	 2.9	 1759.1	 33.2	
158.7	 5.0	 1776.2	 29.8	
158.9	 4.7	 1781.2	 30.0	
158.9	 5.7	 1783.9	 40.2	
159.1	 3.7	 1784.0	 31.5	
159.1	 3.1	 1808.4	 27.8	
159.2	 4.8	 1817.8	 32.5	
159.4	 5.4	 1840.7	 38.3	
160.3	 3.7	 1857.7	 26.1	
160.4	 4.5	 1859.7	 28.4	
160.6	 4.5	 1866.6	 29.8	
161.0	 4.7	 1870.6	 40.6	
161.2	 4.2	 1897.2	 28.2	
162.2	 6.2	 1909.4	 28.7	
162.4	 3.2	 1930.1	 19.7	
165.2	 3.1	 1941.3	 22.8	
166.0	 4.6	 1951.1	 30.1	
166.3	 4.6	 2018.9	 142.2	
168.6	 3.4	 2109.9	 27.2	
169.1	 7.3	 2210.9	 25.8	
  
45 
Ma	 ±  ∂	 Ma	 ± ∂	
169.1	 6.8	 2339.1	 33.7	
169.4	 8.7	 2340.8	 27.2	
169.6	 4.2	 2447.3	 28.4	
170.3	 5.9	 2509.7	 29.3	
175.7	 12.6	 2557.3	 33.3	
192.7	 6.0	 2596.0	 27.9	
198.6	 5.9	 2608.8	 27.2	
258.0	 3.5	 2660.1	 23.2	
673.6	 17.5	 2677.6	 23.6	
679.3	 43.7	 2702.3	 27.6	
1024.5	 43.5	 2719.1	 29.3	
1041.7	 43.4	 2777.9	 18.0	
1134.2	 33.7	 2924.4	 30.6	
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